Attempts to induce a clean and stabilized gap in the excitation spectrum of graphene, [1][2][3] 
Introduction:
Spintronic applications require surface magnetic states that are difficult to stabilize in weakly correlated carbon based materials. The attempt to stabilize magnetism in these systems is highly desirable as it could lead to easily processable, environmentally friendly and economically attractive devices. Due to lack of a band gap the application of graphene in optoelectronic devices is severely limited as its electrical conduction cannot be switched off using control voltages. In graphene, the delocalized nature of  orbitals leads to a high Fermi velocity and to a large kinetic energy of Dirac electrons, hindering the stabilization of a magnetic state with a sizeable gap. For this reason, bandgap engineering in graphene has mostly focused so far on different procedures that do not involve electronic correlation, such as nanolithography of nanoribbon and dots [1] [2] [3] , field-induced band-gap opening 10 or chemical functionalization. 11 Recently, however, several theoretical calculations [7] [8] [9] predicted the occurrence of an ultraflat surface state (bandwidth smaller than 2 meV) at the K and K'
corners of the Brillouin zone in the outer layers of multilayer graphene with rhombohedral stacking (ABC). A drastic reduction of kinetic energy associated with this state makes it possible, in principle, to obtain correlated bandgap opening and stabilization of magnetic, superconducting or charge density wave states, even under moderate electron repulsion. Thus, electrons'correlation in the surface state of ABC multilayer graphene is a new pathway towards gap engineering in graphene.
The largest difficulty in pursuing this route is the isolation of multilayer graphene with long ABC sequences mainly because rhombohedral graphite is less stable in ambient conditions, and hence less abundant 12, 13 than Bernal graphite (ABA). With all the recent efforts to (re)visit the electronic properties of bulk and thin films graphite, the ABC stacked graphene trilayer has been successfully identified and studied experimentally 14, 15 . It shows many remarkable properties such as a band gap at charge neutrality conditions with a magnitude tunable by applying an electric field 16, 17 and it also hosts chiral massive Dirac fermions as evidenced by their peculiar Quantum Hall Effect 16, 18 . Furthermore, transport measurements on suspended ABC trilayers display an opening of a 40 meV gap, tentatively attributed to a magnetic state 19 . However, this magnetic state is fragile as it occurs only in ultra-clean samples and is destroyed by temperature (T c = 30 -40 K) or by the presence of a substrate 20 .
Increasing the number of ABC-stacked layers is important as the extent in k-space of the flat band-energy dispersion is developing. Furthermore, with the increase of electronic correlation in the flat-band, the electronic ground state in long ABC sequences band has been predicted to be superconducting 7, 8, 21 or magnetic 22 . Experiments on mixtures of ABA-and ABC-stacked graphite are interpreted in terms of superconductivity 23 
Results and discussions:
Graphene multilayers exhibit two structures with Bernal ( Figure 1 To resolve the electronic structure of graphene multilayer decribed above, we have performed nano-ARPES measurements at synchrotron Soleil at liquid nitrogen temperature (90 K), with a spatial resolution of 100 nm. Due to the transfer process, the BZ of graphene multilayer is rotated by 17° with respect to the graphene BZ (Figure 2(a) ). In Figure 2 identified as the two split-off bands at the K point of the ABA graphene multilayer 29 . The ARPES response measured over the ABC domain is completely different (Figure 3(c) ). It consists of an intense band close to E F with a flat dispersion, and two cone-like structures composed of a manifold of bands (Figure 3(d) ). The flat band at the Fermi level is also confirmed by the energy distribution curves (EDC) at the K point with a 25 meV bandwidth ( Figure 3(e) ). This picture precisely reflects the expected band structure of rhombohedral graphene multilayer 9 .
From these results we can clearly confirm that the sample is composed of a small domain with A more detailed inspection of the electronic band dispersion close to E F at the ABC location shows that it is not exactly flat, in fact a curvature in the K and KM directions is present.
From the analysis of the energy distribution curves (EDC) shown in Figure 4 To gain further insight into the electronic structure of ABC graphite, we performed firstprinciples electronic structure calculations with inclusion of an exact exchange (see SI).We considered a 14-layer crystal with the ABC stacking and we included a 37 Å vacuum gap between the periodic images. We performed spin-polarized and unpolarized calculations. The same rescaling of the Fermi velocity found for graphene was applied. By neglecting spin polarization, the electronic structure displays an extremely narrow metallic surface state without and (c) with the spin polarization. White dashed curves in these graphs correspond to bulk states and green dashed curves highlight the surface state of the outer layers.
The extension of the flat surface state in the Brillouin zone (0.13 Å -1 ) is also well reproduced.
The good agreement between theory and experiments strongly supports the presence of a gapped magnetic state in ABC multilayers. Remarkably, while a Curie temperature of 34 K was determined from transport measurements done on ABC trilayers 19 , here, in our thicker flake, we find that magnetism survives up to at least liquid nitrogen temperature. In summary,
we have successfully isolated a large graphene multilayer flake with a long sequence of ABC stacking. By performing high-resolution nano-ARPES experiments, we have spatially mapped its electronic band structure. By comparing nano-ARPES results and first-principles electronic structure calculations we have shown that a gap opening compatible with a magnetic state occurs in such a system at liquid nitrogen temperature. The exchange interaction lifts the spin degeneracy of the flat band and opens an energy gap of ~40 meV. The magnetic gap is robust as it occurs in a supported sample and its Curie temperature is at least 90 K, much larger than what found in suspended ABC trilayers. Our work opens up a new route towards band gap engineering in graphene-based materials, namely the exploitation of the electron-electron interaction in the surface bands of long sequences ABC-stacked graphene multilayers. In the future, the capability of developing ABC sequences of desired length and of controlling the stacking order in graphene multilayers could lead to optoelectronic devices with tunable optical properties. Furthermore, the stabilization of an intrinsic magnetic gap in a carbon based material and the occurrence of spin-polarized magnetic surface states is a major step towards graphene spintronic.
